Fatigue and poor sleep quality are among the most common patient-reported problems associated with multiple sclerosis (MS). Social support, on the other hand, is often found to be positively associated with quality of life in patients with neurological diseases. Studies also show that suicidal ideation (SI) levels in MS are elevated compared to the general population. Thus, the aim of this study is to assess the associations between fatigue, social support, and SI in patients with MS. Out of 184 MS patients asked to participate in this cross-sectional study, 156 agreed (RR 69.8%; 75% female; mean age: 39.95 ± 9.97 years). Patients filled-in the Multidimensional Fatigue Inventory-20, the Pittsburgh Sleep Quality Index, the Multidimensional Scale of Perceived Social Support and the subscale of the General Health Questionnaire-28 focused on assessing SI. Models were controlled for age, gender, disease duration, functional disability, and sleep quality. Data were analyzed using multiple linear regressions. SI was positively associated with lower sleep quality and four types of fatigue: general, mental, reduced activity, and reduced motivation (p < 0.05). Physical fatigue was not significantly associated with SI. Social support was negatively associated with SI in all models. The final models under study explained from 24.3 to 29.7% of the total variance in SI. SI yielded associations with both sleep quality and fatigue, with the exception of physical fatigue. Information provided by physicians on sleep management, and a psychosocial intervention focused on people who provide support for patients with MS (family, friends, and significant others) may reduce levels of SI.
INTRODUCTION
Multiple sclerosis (MS) is a chronic neurological disease affecting the central nervous system (CNS) by inflammatory processes, the breakdown of the myelin, and consequently damage to the axons (Compston and Coles, 2002) . The changes occurring in the CNS vary from patient to patient, and while the symptomatology is usually patient-specific and variable for different people, there are four recognized MS courses: clinically isolated syndrome (CIS), relapsing-remitting MS (RRMS), primary progressive MS (PPMS), and secondary progressive MS (SPMS) (Lublin et al., 2014) . Symptomatology of MS include visual problems, balance problems, vertigo, paresis, sensory disturbances, sphincter problems, spasticity, pain, and fatigue in addition to other manifestations (Barin et al., 2018) .
The majority of MS patients consider fatigue as one of their most severe symptoms, and chronic fatigue affects many daily activities and thus lowers their physical, mental, and social quality of life (Brassington and Marsh, 1998; Wilcon et al., 2011; Cehelyk et al., 2019) . Previous research shows that fatigue may also be associated with depressive symptomatology and inactivity, which consequently leads to other negative psychological correlates (Mileic et al., 2011) . Fatigue seems to be subjectively perceived as a symptom affecting or being associated with other MS symptoms, such as pain and movement problems. High level of perceived fatigue was found to be significantly associated with poorer self-reported sleep quality (Al-Dughmi and Siengsukon, 2016) , although this particular connection between sleep quality and fatigue in MS patients has not been studied in great detail, to our knowledge. Poor sleep quality was nonetheless found to be a symptom of importance which leads to greater disability and problems in performing of daily activities for MS patients (Vitkova et al., 2018; Newland et al., 2019) . Furthermore, some previous research has shown that sleep quality may be a useful indicator for SI risk (Kim et al., 2013) .
Among the symptoms of a more psychological nature is cognitive impairment or increased prevalence of depression (Barry et al., 2018) . Depressive symptomatology is often associated with suicidal ideation (SI) in people with MS (Tauil et al., 2018) . Suicidal thoughts, preoccupation with suicide, or even suicidal attempts are more prevalent in people suffering from MS as well as in a number of other neurological disorders, such as Huntington's disease, Alzheimer's disease, amyotrophic lateral sclerosis, idiopathic neuropathy or epilepsy, compared to the general population (Lewis et al., 2017; Eliasen et al., 2018) . The reason for the higher prevalence of SI in a number of chronic diseases, including MS, may be that SI may offer some patients a mechanism for feeling in control of their lives in the face of a daunting, unpredictable disease (Gaskill et al., 2011) . Another reason for depression going undiagnosed and SI not reported may be the effort of MS patients to minimize these problems during medical assessment in order to reassure clinicians that they will not harm themselves (Caine and Schwid, 2002) . Another explanation may be rooted in more attention being focused on the treatment of physical correlates of the diseases and less on psychological symptoms, as medical professionals have often too little time or expertise to assess the psychological health of patients (Østbye et al., 2005) . As a result, many psychiatric comorbidities go untreated and unrecognized (Rickards, 2006) . This lack of time focused on psychiatric comorbidities in formal primary care can be mitigated by informal social support, which refers to emotional, instrumental, and informational support that people receive from support providers (family members, friends, or significant others) in order to cope with various stressful events in their life (Bruchon-Schweitzer and Boujut, 2014) . Different forms of social support from family and friends seem to diminish the negative effects of some symptoms of chronic conditions, such as dementia, fibromyalgia, rheumatoid arthritis, or osteoarthritis (Kruithof et al., 2013; Eshkoor et al., 2014) . Literature concerning MS shows a positive effect of social support on various mental health concepts and symptoms, like anxiety or depression (Henry et al., 2019) . On the other hand, increased family tension, loneliness, and social isolation were found to be significantly associated with SI in patients suffering from various chronic conditions (Rückert-Eheberg et al., 2019) , including MS (Feinstein, 2002; Gaskill et al., 2011) .
Despite the recognition of an elevated suicide risk in people with MS, very little is known about associated risk factors, including sleep-related problems and the role of social support. To our best knowledge, no previous studies have addressed the associations between sleep related problems, social support, and SI in MS patients so far. Thus, the aim of this study is to assess associations between sleep quality, fatigue, social support, and SI in patients with MS, when controlled for age, gender, disease duration, and functional disability. Based on results of the abovementioned studies (e.g., Feinstein, 2002; Gaskill et al., 2011; Mileic et al., 2011; Kim et al., 2013; Henry et al., 2019; Isernia et al., 2019) we hypothesized (1) the presence of the positive associations between sleep quality, fatigue, and SI in patients with MS and (2) the presence of negative association between social support and SI in patients with MS.
METHODS

Participants and Procedure
Out of 184 patients asked to participate in the study, 156 agreed (response rate: 84.7%, 75% females, mean age 39.95 ± 97 years). After signing the informed consent, the patients filled in the questionnaires and underwent a neurological examination. All the patients included in the study met the McDonald MS diagnostic criteria (Polman et al., 2011) . Exclusion criteria were pregnancy, inability to speak Slovak and cognitive dysfunction determined by the Mini Mental State Examination (score of <24). None of the participants were excluded due to these criteria. The data collection took place at the Department of Neurology of the University Hospital of Louis Pasteur in Kosice and patients who were asked to participate in the study were diagnosed MS patients who regularly visit the neurological outpatient clinic. The procedure started by sending out an invitation, an informed consent letter, questionnaires, and a non-response sheet to the patients via postal mail. After 2 weeks, a trained interviewer called each patient in order to arrange a face-to-face interview, allowing for clarification of the patient's responses and answering their inquiries. A neurological examination was performed right after the interview, with no personal identifiers being included in the database. The local ethics committee approved the study. All participants were provided with information about the study and signed an informed consent statement prior to the study.
Measures
Questionnaires used in this study underwent translation and back-translation from the original language into Slovak and back again by certified translators in order to ensure that the meaning of the items were not lost in translation.
Suicidal Ideation
This variable was measured using a subscale of the 28-item General Health Questionnaire (GHQ-28) (Goldberg and Hillier, 1979) . Out of 28 items, 4 directly address SI: "Have you thought about the possibility of killing yourself?", "Do you wish to be dead and far away from everything?", "Do you have continual thoughts about ending your life?", and "Do you have the impression that life is not worth of living?" These items asked participants if they experienced such occurrences in past 4 weeks and each of them was scored on a 4-point Likert scale, with a higher score indicating a higher prevalence of SI. The score thus ranges from 4 to 16 (Goldberg et al., 1998) . This study treats SI as a continuous variable. The Cronbach's alpha for the four SI items in our sample was 0.88.
Fatigue
The Multidimensional Fatigue Inventory-20 (MFI-20) was used to determine the levels of fatigue among people with MS (Smets et al., 1995) . It consists of five subscales -general fatigue, physical fatigue, reduced activity, reduced motivation, and mental fatigue -and each subscale has four items. People with MS were given statements such as: "I feel very active, " or "Physically I feel only able to do a little". The answers on a fivepoint Likert scale were anchored in quotes: "Yes, that is true" and "No, that is not true". Some of the items were worded in a negative way and had to be recoded prior to the statistical analyses. A higher final score in each of the subscales indicated more prevalent fatigue and a lower score less prevalent fatigue. Cronbach's alpha in our sample was 0.79 for general fatigue, 0.84 for physical fatigue, 0.82 for reduced activity, 0.64 for reduced motivation, and 0.78 for mental fatigue.
Sleep Quality
Sleep quality was measured using The Pittsburgh Sleep Quality Index (PSQI). This questionnaire consists of 19 items, which generate 7 subscales (subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction). The PSQI also provides a global score for all the subscales. This score ranges from 0 to 21, with a higher number indicating worse sleep quality (Buysse et al., 1989) . The Cronbach's alpha in our sample was 0.76.
Social Support
Social support was measured using the Multidimensional Scale of Perceived Social Support (MSPSS), which is used to assess subjective perception of social support from a significant other, family and friends, as well as total social support from all these sources (Zimet et al., 1988) . The MSPSS is a 12item questionnaire with 7-point Likert scale, with responses to the questions ranging from 1 to 7. The higher number indicates higher perceived social support in all of the items. The score ranges from 12 to 84. Cronbach's alpha for the whole scale was 0.95.
Clinical Variables
The Kurtzke Expanded Disability Status Scale (EDSS) was used to assess the functional disability of people with MS. The score in this scale ranges from 0.0 to 10.0, with higher score indicating more severe disability (Kurtzke, 1983) . EDSS was measured by a neurologist during a neurological examination. Data on the disease duration and course of MS were provided by the neurologist as well. Basic sociodemographic data were collected during an interview with a trained interviewer.
HADS
To control for the role of depression in our model, we used Hospital Anxiety and Depression Scale (HADS) (Zigmond and Snaith, 1983) . The scale consists of 14 items, 7 of which are related to depression and 7 to anxiety. The four-point scale is scored as a Likert scale. The score ranges from 0 to 21, with higher score representing more distress in each scale.
Statistical Analyses
First, descriptive analyses of the sample were carried out. Next, the bivariate correlations between the independent variables of our models (sleep quality, types of fatigue, social support, and EDSS) and the dependent variable (SI) were calculated. We used partial correlations to control the effect of depression (measured by HADS) (Zigmond and Snaith, 1983) on the associations between variables under study. Finally, linear regression analyses were performed with SI as the dependent variable. The analyses were performed in the IBM SPSS 23 software. Table 1 displays the description of the study population (N = 156). The sample averaged 39.95 ± 9.97 years old and consisted of 75% women. The majority of the sample (72.4%) had a secondary education. The mean score for functional disability, as measured by the EDSS, was 3.10 ± 1.37 and for disease duration it was 7.40 ± 5.48. The percentage of MS patients with SI was 14.10%.
RESULTS
Correlation analyses showed that sleep quality correlated moderately with different types of fatigue, while the correlation with social support was found to be negative. A similar occurrence was found in the case of social support and fatigue, as all five types showed slight to moderate levels of negative correlation. EDSS correlated with general fatigue (0.29), physical fatigue (0.41), and reduced activity (0.42) ( Table 2) . Controlling for depression (measured by HADS), showed that associations between variables under study and SI were significant, however, attenuated (Supplementary Material).
Linear regression analyses (Table 3) were then performed. SI, as measured by the GHQ-28, was regressed on the basic sociodemographic variables (age, gender), objective medical assessment and medical history (EDSS, disease duration), five types of fatigue measured by the MFI-20 (general fatigue, physical fatigue, reduced activity, reduced motivation, and mental fatigue), sleep quality and social support. The mental fatigue model explained the most variance of SI from all the models under study (29.7%), and the physical fatigue model the least (24.3%). But all five models did significantly contribute to the explained variance of SI in people with MS. Sleep quality and social support were significant predictors in all models, and all but one type of fatigue (physical fatigue) were significant predictors, as well.
DISCUSSION
The aim of this study was to assess associations between sleep quality, fatigue, social support, and SI in patients with MS, when controlled for age, gender, disease duration, and functional disability. We hypothesized (1) the presence of the positive associations between sleep quality, fatigue, and SI in patients with MS and (2) the presence of negative association between social support and SI in patients with MS. We found that SI, a potential harbinger of suicide, is more prevalent in our sample (14.1%) compared to the cross-national lifetime prevalence of SI (9.2%) in the general population and the annual prevalence (2.0-2.1%) of SI in the general population (Nock et al., 2008) and is significantly associated with poor sleep quality, fatigue, and lack of social support. Out of five models under consideration, four yielded similar results when it came to variables that significantly contributed to the explained variance of SI. Out of five types of fatigue, only physical fatigue did not significantly contribute to the explained variance in SI.
As SI and suicide-related behavior are associated with the presence of chronic disease (Joshi et al., 2017) , it is important to recognize the risk factors as well as the protective factors that are able to mitigate the negative effects of chronic conditions on daily functioning and psychological impairment. Our study supports previous assumptions that SI may represent not only a symptom of major depression but may also be driven by neurobiological processes (Du et al., 2017) , including sleeprelated symptomatology.
We found no significant association between disability status and SI in MS patients. On the contrary, a recent study by Lewis et al. (2017) showed that different types of disability were associated with suicidality. A possible explanation for these discrepancies in results may stem from the different methodology utilized in data collection. To be more specific, Guy's neurological disability scale, which was used in the research of Lewis et al. (2017) , is oriented on self-reported disability assessment of patient, while the EDSS used in our study is assessed by a neurologist. This aforementioned difference in results may suggest that subjective perception of disability is more important in the development of SI compared to objective disability and could be utilized in changing disease perception in order to diminish SI in MS patients.
Furthermore, we found that physical fatigue was not significantly associated with SI in people with MS, while other types of fatigue, especially mental fatigue, were. Thus, it may be assumed, that SI may reflect mostly the mental, subjective correlates of fatigue and not objective correlates of functional disability, as measured by the EDSS and physical fatigue. This conclusion is supported by mental fatigue, which showed the strongest association with SI out of the five types of fatigue under study. Social support also seems to be associated with SI, but unlike fatigue, the association seems to be a negative one. Our results confirm notions of the protective value of social support among many different age groups and populations both with and without chronic conditions (Sengul et al., 2014; Ariapooran and Khezeli, 2018; Fredrick et al., 2018) . Our results suggest that social support may have a buffering effect, and that in case of a long-term healththreatening condition, social support from family, friends, and significant others may protect MS patients from more severe depressive and suicidal thoughts.
Strengths and Limitations
To the best of our knowledge, this is the first study exploring the associations between sleep-related problems, social support, and SI in MS patients. Some limitations should be noted, however. First, no formal psychiatric diagnosis of SI was established; on the other hand, GHQ-28 items are frequently used to assess the presence of SI in various populations (Hamilton and Schweitzer, 2000; Gili-Planas et al., 2001; Watson et al., 2001; Kawabe et al., 2016) . Furthermore, it should be noted that the fouritem GHQ-28 SI subscale has shown good concurrent validity with Beck's Suicide Intent Scale (Watson et al., 2001) . Another limitation to be mentioned cross-sectional nature of the study, which does not allow for causal relationships to be drawn. Furthermore, after controlling for depression, the correlations between variables under study attenuated and thus it may be implied that depression may be possibly cofounding factor in the associations between SI and sleep problems, social support, and clinical variables. Final limitation concerns the lack of validity and reliability of HADS scale used to control for the role of depression (Coyne and van Sonderen, 2012) .
Implications for Practice and Future Research
Suicidal ideation is a potentially treatable cause of morbidity and mortality in MS. As SI may turn into suicide attempts, education of caregivers, and relatives about the occurrence of SI in patients with MS may be important and protective. Health care professionals should be educated in the detection of SI in MS patients at increased risk and refer them to relevant healthcare facilities, including psychiatric and psychological care. Because assessing suicidality in medical settings may be challenging, it may be beneficial to detect SI in neurological care with simple and economical screening tools, such as the GHQ-28. Physicians should develop communication skills, particularly relating to open and clear discussions of suicidality in MS patients, through various training courses (Kye and Park, 2017) . Preventive strategies should include a close monitoring of pharmacotherapy to prevent progression of SI, awareness of caregivers about SI and early identification of psychosocial risk factors across a variety of healthcare and social instances the patient may encounter during their life with the disease (e.g., Mellentin et al., 2018) .
Furthermore, our study identified that social support may be of importance in diminishing the level of SI in MS patients. Thus, adequate social support and its improvement by various educational strategies seems to be a protective factor in preventing SI in people with MS. Our study helped to identify the sleep-related variables linked with SI, which could be readily available from a routine clinical inquiry. Another implication of our study may lie in educating patients on the basic sleep hygiene, which may help to decrease poor sleep quality and fatigue and consequently to diminish the levels of SI, or at least mitigate its adverse effects. As SI may lead to suicidal behavior, suicide potential in MS patients should be assessed in future research. Moreover, it is important to identify the constituting risk factors to prevent suicidal behavior among vulnerable MS patients. Longitudinal studies are needed to confirm the associations revealed in our study. Finally, it would be interesting to compare the results of this study with other chronic conditions, especially of a neurological nature. As the association between SI and social support was no longer significant when controlled for depression, future studies should be conducted to identify protective factors against SI in depressed MS patients with MS. As the association between fatigue and SI attenuated when controlled for depression, future studies may shed some light using more valid and reliable measures of depression.
Conclusion
The current study reveals three main points that deserve attention. First, SI rates in people with MS may be elevated compared to the general population due to disease-related symptoms. Second, our findings suggest that to reduce SI in patients with MS, efforts should focus on reducing poor sleep quality and fatigue. Third, negative effects of sleeprelated problems on SI may be diminished by adequate social support. However, future longitudinal research is needed to confirm the causality.
